H
ip protectors have been shown to reduce the incidence of hip fracture in residents of nursing homes. 1 While the relative risk reduction is approximately 50% in these studies, they have involved people at high risk of hip fracture and have used a cluster randomisation design that, with the analytic methods used, may result in an overestimate of the statistical significance of any treatment effect.
One reported study of hip protectors included some people living in their own homes with support services. However, this group was only approximately 30% of all study participants, and they were living in outpatient care units for supported living. 2 The effectiveness of hip protectors among older people living in their own homes is likely to be dependent on a number of factors, with adherence (also called acceptance or compliance by some) likely to be the most crucial. 3 4 In the community it will be the user herself who has the major influence on adherence, whereas in residential aged care facilities, or supported accommodation at home, the support of healthcare staff provides additional external encouragement and assistance to use the protectors.
As the majority of people who break their hip live in their own homes and are women, 5 we have conducted a study to examine the effectiveness of hip protectors in this group. We hypothesised that use of external hip protectors, and encouragement from trained nurses to comply with their use, would reduce the incidence of hip fracture in frail older women.
METHOD Recruitment
Enrollment started in May 1996 and continued until February 1999. Final follow up interviews were completed in February 2001. Inclusion criteria were: female gender; living in their own homes (rather than residential aged care facilities); in contact with aged care health services; age 74 years or older; two or more falls, or one fall requiring hospital treatment in the last year; at least one hip without prior surgery; ability to speak English; and, in the opinion of the nurse recruiting the participant, having sufficient cognitive function to give informed consent, likely to continue to live at home for three months, and to survive for at least one year. Ethical approval for the study was obtained from the relevant human research ethics committees.
Study design and intervention
Participants were randomly allocated to intervention (use of hip protectors and contact with the "adherence" nurse) and control groups, using stratification by the presence or absence of cognitive impairment (as judged by the nurse recruiting the participant) and whether recruited from home or hospital. Randomisation took place after collection of baseline data, using a numbered and sealed envelope containing allocation details. The randomisation sequence was computer generated independent of the study staff. Participants allocated to wear hip protectors were encouraged to wear them for two years (or until a hip fracture occurred). They were asked to wear the hip protectors at all times when out of bed during the day, and at night if needing to go to the toilet more than once. Two adherence nurses were employed to supply and fit the protectors and to encourage adherence with their use. Three visits by the nurses, followed by two telephone contacts, were made for routine contact with participants. If the participants were not adhering, additional telephone contacts or visits were arranged at the discretion of the adherence nurse. Approximately one third of participants required additional contact because of limited adherence. If a participant moved to a residential aged care facility adherence with use of the hip protectors was encouraged with education provided to the staff of the facility. If there was still non-use of the protectors after three visits by the nurses, no further efforts were made to try to convince participants to wear the protectors. Participants in the hip protector group were initially provided with four pairs of hip protectors (semirigid shields sewn into modified underwear), and replacement protectors were provided to many fully adherent participants during the study. Additional details of the study method have been published elsewhere. 6 
Outcome measures
The major outcomes assessed were adherence with use of hip protectors, falls, incidence of hip fractures and other injuries, and adverse events. Adherence was measured as the amount of time that hip protectors were worn during the day. The assessment of falls was based on self report at four monthly telephone interviews. The ascertainment of hip fractures and other injuries was based initially on self report with follow up of radiography reports and hospital records as a secondary check.
The nature of the intervention (wearing hip protectors or not) meant that participants and the research and adherence nurses were not blinded. However, the radiologists who diagnosed hip fractures were unaware of participation in the study and thus were blinded.
Statistical analyses
We anticipated that hip protectors would result in a 50% reduction in hip fracture incidence 7 and planned to follow up participants for two years. The sample size required with a 5% annual hip fracture incidence in the control group (power 80%, alpha 5%) is about 500 per group, assuming that 10% of participants died during follow up. Recruitment ceased with a sample size of 600 participants due to lack of further funding.
The primary analysis assessed the difference in hip fracture incidence between the hip protector and control groups on an intention-to-treat basis using survival analysis based on Cox proportional hazards models. The relative risk of a hip fracture in a fall while wearing hip protectors compared with the risk in a fall when not wearing protectors was calculated using a Generalised Estimating Equations approach based on a negative binomial distribution. Analyses were performed using the SAS/STAT and STATA statistical packages.
RESULTS

Participants
A total of 600 frail older women were randomised. Figure 1 provides details of participant flow in this study. At entry to the study there were no important differences between intervention and control groups (table 1). In summary, participants were elderly (mean age 83 years) and had significant disability. Twenty five percent had a history of hip fracture, 35% had more than two falls in the last year, and 30% rated their health as fair or poor.
During the study, 13% of subjects died (33 in the intervention group and 46 in the control group, p=0.10).
Adherence with use of the hip protectors Adherence with hip protector use was recorded at approximately one month, three months, one year, 18 months, and 24 months after entry to the study (see table 2 ). The percentage adherence shown is the amount of time that the hip protectors were being worn during the day in the interval preceding the adherence contact. Adherence was satisfactory for approximately one year with 57% of participants reporting that they were wearing the protectors for at least half of every day. However, at the follow up assessments at 18 and 24 months, this had fallen to 50% and 42% of surviving participants.
Mean (SD) longitudinal adherence was 53% (39%) and median longitudinal adherence was 54%. 11 In 51% of falls occurring in participants in the intervention group, hip protectors were in place at the time of the fall.
Falls
There were no significant differences in the total number of falls, multiple falls, or falls causing injury requiring hospital care between the two groups. There were 1437 falls during follow up with 798 in the intervention group (a mean of 2.70 falls per person) and 639 in the control group (a mean of 2.20 in the control group), a relative risk of falls of 1.23 (95% confidence interval (CI) 0.89 to 1.57). There was no difference between groups in the percentage of people who had two or more falls during follow up: 46% in the hip protector group and 44% in the control group (relative risk (RR) 1.03, 95% CI 0.86 to 1.24).
Hip fractures and fall injuries
The relative risk of hip fracture in a fall while wearing a hip protector compared with a fall while not wearing was calculated as 0.23 (95% CI 0.08 to 0.67). Using an intention to treat analysis, there was no significant difference in the incidence of hip fractures in the intervention and control groups. Twenty one hip fractures occurred in the intervention group while twenty two occurred in the control group; (RR 0.92; 95% CI 0.51 to 1.68). The relative risk adjusted for mental status score and falls history (because of some baseline imbalance in these factors) was 0.93 (95% CI 0.51 to 1.69).
There were 31 peripheral, non-hip fractures in 25 people in the intervention group; and 27 peripheral non-hip fractures in 25 people in the control group (table 3). 11 (4) 25 (9) 18 (7) 18 (7) 10 (4) 50% 23 (8) 28 (10) 23 (9) 25 (10) 13 (6) 51%-75%
13 (4) 10 (4) 7 (3) 5 (2) 6 (2) 76%-99%
15 (5) 13 (4) *One participant in the intervention group had two pelvic fractures, one participant in the intervention group had two wrist fractures.
Adverse events
Three hip fractures occurred while participants were wearing hip protectors. In two the hip protectors appear to have been ineffective in a fall backwards, and the third involved a motor vehicle accident and was not typical of falls causing hip fracture. There were no other significant adverse effects reported. Minor skin irritation or infection, that was judged by the research nurses as being caused by the hip protectors, occurred in 16 hip protector users (5%). There were no reports of decubitus ulceration as a result of use of the protectors. Five falls that occurred while wearing hip protectors were reported as causing significant bruising to the upper thigh.
DISCUSSION
This randomised trial shows that use of hip protectors by people in the community prevents hip fractures if the protectors are worn regularly. However, overall effectiveness of hip protectors in the community setting was not established, probably due to incomplete adherence with use of the hip protectors, the inability of hip protectors to prevent hip fractures in a few cases, and the limited statistical power of the study.
In contrast to Kannus et al 2 this trial was conducted using a more robust methodology and the estimate of effectiveness of hip protectors may be more reliable. This trial randomised individuals, did not replace dropouts, and did not replace participants who were non-adherent. However, the relative risk of hip fracture in a fall while wearing a hip protector compared with a fall while not wearing was 0.23 (95% CI 0.08 to 0.72), which is very similar to the equivalent data in the Kannus et al paper which found a relative risk of 0.2 (95% CI 0.05 to 0.50). Moreover the confidence interval of our intention treat analysis (0.51 to 1.69) overlaps that of Kannus et al (0.2 to 0.8). 2 There was no increased risk of falls or non-hip fractures in the hip protector group, suggesting that use of hip protectors may not encourage risk taking behaviours. This was a potential concern as we have previously shown that use of hip protectors improves falls self efficacy. 6 Adverse events are uncommon but some hip fractures occur despite use of correctly worn hip protectors.
We planned our study to have 80% power to detect a 50% reduction in risk of hip fracture. Unfortunately, the completed study had only 45% power to detect this relative risk reduction. The low power of our study resulted from recruitment of substantially fewer participants than planned (600 instead of 1000) and a lower hip fracture rate in the second year of follow up (3.3%) than in the first year (4.3%).
Our failure to find any effect of use of hip protectors on hip fracture risk despite 50% or better adherence may be due to lack of statistical power. Another explanation is that participants at highest risk were not wearing the protectors regularly. This is in contrast to other reports. 4 7 Untruthful self reports of adherence is another explanation. However, the nurses collecting data about adherence did not believe that people were untruthful about adherence in many cases, as they were interviewed carefully about adherence on a number of occasions and, where possible, visits to assess adherence were made unannounced. There are many potential reasons for limited adherence 12 but further examination of them will be reported in another paper.
Our results should be generalisable to routine use of hip protectors by frail older women, living in their own homes, who are using health services for older people. In order to take part in the trial potential participants needed to be ambivalent to the use of hip protectors as they were entering a randomised trial. As a result there was non-adherence from an early stage of the study by 19% of participants who were allocated to the intervention group.
Clinical and health service policy relating to the use of hip protectors in the community is quite different to residential aged care facilities (and hospitals). While the efficacy of hip protectors will be similar in all settings, actual effectiveness is likely to vary widely depending on adherence with their use. In residential aged care facilities cautious implementation of hip protectors, and further studies of interventions to improve adherence with their use, can be justified. In community and hospital settings randomised trials are needed, with hip fracture and adherence as the major outcomes. This is the first published study wholly conducted in a community setting. No controlled trials of hip protector use in hospitals have been reported.
Our conclusion is that it is reasonable to provide hip protectors to those older women living in the community who are at high risk of hip fractures, and who are strongly motivated to wear them. However, on the basis of our study findings, the routine use of hip protectors in all high risk community living older people is not justified. 
Key points
• A number of studies conducted in nursing homes have shown that hip protectors reduce the risk of hip fractures.
• This randomised trial shows that use of hip protectors by people living in the community prevents hip fractures if the protectors are worn regularly.
• In this study the overall effectiveness of hip protectors in the community setting was not established.
• Factors limiting effectiveness of hip protectors in this study were incomplete adherence with use of the hip protectors, the inability of protectors to prevent hip fractures in a few cases, and limited statistical power.
